A sequence of V -band light curves of the active close binary RT Lacertae (G5+G9 IV), extending from 1965 to 2000, is presented and analysed to derive the spot distribution and evolution on the component stars. In our modelling approach, the Roche geometry and Kurucz's atmospheric models were adopted. The resulting maps of the spot surface distribution were regularized by means of the Maximum Entropy and Tikhonov criteria to take full advantage of the increased geometrical resolution during eclipses. By comparing the maps obtained with these two criteria, it was possible to discriminate between surface features actually required by the data and artifacts introduced by the regularization process. Satisfactory fits were obtained assuming spots on both components and the unspotted V -band luminosity ratio:
Introduction
RT Lacertae (HD 209318, SAO 51563, BD +43 • 4112) is a chromospherically active close binary whose components show strong Hα and Ca ii H&K emission (Huenemoerder & Barden 1986; Popper 1991; Frasca & Catalano 1994) and radio and X-ray emission from their coronae which are signatures of intense magnetic activity (Gibson et al. 1978; Umana et al. 1993; Dempsey et al. 1993) . The sys-duration of the eclipses and the ellipticity coefficients were reported to be variable by Haslag (1977) and Eaton & Hall (1979) . However, their conclusions are mainly based on old visual and photographic light curves, the accuracy of which is rather low. Photoelectric photometry showed another striking peculiarity of RT Lac, that is the system at mid primary eclipse was bluer than at the secondary eclipse, contrary to the situation observed in RS CVns and Algols, in which a system at the center of the deeper eclipse has a redder color because the later type component is in view.
The first attempts at modelling RT Lac light curves ascribed the distortion wave and the peculiarity of the color index to the presence of an inhomogeneous scattering envelope around the more massive component. It was assumed to be maintained by the mass transfer from the other component, which almost completely fills its Roche lobe (Milone 1976; Haslag 1977) . Moreover, Eaton & Hall (1979) suggested that the apparent changes in eclipse duration and ellipticity might be due to a variation of the radius of the Roche lobe filling component. The spectroscopic studies by Huenemoerder (1985 Huenemoerder ( , 1988 and Huenemoerder & Barden (1986) provided clear evidence of excess emission and absorption in the Hα line, with remarkable time variability. This was interpreted as evidence for strong chromospheric activity, as well as mass loss from the less massive lobe-filling star.
The spectroscopic and photometric investigation by Popper (1991) did provide a more detailed picture of the system. The cooler component dominated the spectrum of the system, except when it was eclipsed, making it difficult to characterize the spectrum of the hotter component. Popper (1991) classified the spectral types as approximately G5 for the hotter and G9 IV for the cooler lobe-filling component. The hotter component was found smaller and more massive than its companion and well detached from its Roche lobe. Popper (1991) attributed the distortion wave and the other photometric peculiarities to the presence of cool spots on the hotter component. These spots cover a large fraction of the photosphere (≈30−50%) making the mean surface brightness of the star lower than that of the cooler component. Therefore, the deeper eclipse occurs when the hotter and heavily spotted star is in front, which explains the bluer color at that phase being the color index dominated by its unspotted photosphere. The contribution from the occulted cooler component is very small at mid eclipse because the fractionary radii of the two components are quite similar.
Although RT Lac shares with the RS CVn binaries most of their basic characteristics, in particular the spectroscopic and photometric peculiarities associated with strong magnetic activity, it differs from the classical RS CVn's because it is a semi-detached binary with the secondary component almost completely filling its Roche lobe. Moreover, the mass ratio is remarkably different from unity, which suggests that the evolution of the lobe-filling and less massive component had been significantly affected by mass loss. Actually, Milone (1976 Milone ( , 1977 suggested that the photometric peculiarities of RT Lac could be associated with mass transfer or mass loss processes rather than magnetic activity. Popper (1991) described some of the characteristics of the group of chromospherically active binaries with mass ratio far from unity, suggesting that the observed phenomenology is more likely due to magnetic related activity in their atmospheres, rather than being associated with mass loss or mass transfer. Hall (1989) regarded RT Lac as a system at the boundary between RS CVn and classical Algols with a late-type secondary, characterized by strong magnetic activity supported by a powerful dynamo action in rapidly rotating deep convection zones.
In the present investigation we shall study the longterm photometry of RT Lac and model the variations of its light curves in the framework of the starspot hypothesis. Our aim is to study the main characteristics of the photospheric activity on each component by adopting the same approach we have already used to model other classical RS CVn binaries, notably the prototype itself (Rodonò et al. 1995) , AR Lac (Lanza et al. 1998a ), II Peg (Rodonò et al. 2000) and SZ Psc . It assumes that the photospheres of both components are covered by small solar-sized spots with a temperature lower than the surrounding photosphere. Their surface distribution is iteratively adjusted in order to fit the observed light curves. The simultaneous fitting of a long-term sequence of light curves with the same set of geometric and photometric parameters allows us to remove most of the ambiguities of the spot modelling approach and yields an accurate determination of the variation of the total spotted area versus time. In this way, it is possible to detect activity cycles in the components. Moreover, the longitude distributions of the spotted area in different years can be compared to search for active longitudes and investigate their complex phenomenology (cf. Lanza et al. 1998a; Rodonò et al. 2000) . Starspots may also be used as rotation tracers to investigate the surface differential rotation and the spinorbit synchronization.
An interesting peculiarity of RT Lac is its variable orbital period, the changes of which were derived from longterm eclipse timing. The modulation of the orbital period is indeed a peculiar characteristic of magnetically active close binaries (cf. Hall 1989 ) and several models have been proposed to link the operation of the stellar hydromagnetic dynamos with the perturbations of the orbital dynamics (Applegate 1992; Lanza et al. 1998b ). The phenomenological connection between orbital period changes and magnetic activity in RS CVn and Algol binaries needs further investigation and RT Lac is one of the most suitable systems, as demonstrated by Keskin et al. (1994) anḋ Ibanoǧlu et al. (2001) . The possibility of correlating the variation of the activity level and of the rotation regime, as derived from light curve spot modelling, with the orbital period changes offers a unique opportunity to investigate the energy balance of non-linear hydromagnetic dynamos in stars and the system dynamics, as discussed by Lanza & Rodonò (1999) .
Observations
Our data set consists of twenty-six yearly light curves of RT Lac obtained from 1965 to 2000. The 1965-68 data are from Hall and Milone and were described in detail by Milone (1977) . The 1977 light curve was retrieved from the archive of unpublished observations of Catania Astrophysical Observatory. The other light curves were obtained at Ege University Observatory, where a monitoring program of RT Lac has been carried out since 1978.
In the present analysis we consider only the V -band light curves of RT Lac because they are the most complete and homogeneous. All our magnitudes are referred to BD +43
• 4108 (HD 209219, SAO 51542), the comparison star adopted by almost all the observers because it is close to the variable and have similar colors, making negligible the correction for differential atmospheric extinction. BD +43
• 4109 (HD 209220, SAO 51544) was usually adopted as a check star.
In addition to the listed light curves, there were also some sparse photometric observations collected in 1972 by Milone (cf. Milone 1976) which were not considered in the present study because of their poor phase coverage.
The orbital period being very close to five days, it is difficult to obtain a good phase coverage of the light curve from a single observing site in a short time interval. Therefore, although some points appear close in phase, they could have been obtained after an interval of several weeks or a few months, during which the system may have undergone significant variations. Indeed, RT Lac is a very active system and out-of-eclipse light variations up to 0.03-0.05 mag have been observed during the course of the same night. Due to the system's intrinsic variability and the unfavourable orbital period, some light curves show phase gaps and large data dispersion with intrinsic standard deviations up to ∼0.03−0.05 mag. In order to avoid a loss of information by averaging such variations, for the analysis the observations were not averaged into normal points, except in the case of the 1965 and 1968 light curves, for which only the normal points listed by Milone (1977) were available to us. All light curve data points were given the same weight, as done by Lanza et al. (1998a) .
An important issue concerns the specification of the ephemerides adopted to put the observations in phase. The deeper minimum in the light curve was identified by the first observers as the primary minimum, according to the usual definition adopted for eclipsing binaries, and its orbital phase was assumed to be 0.0 (cf. Haslag 1977) . However, such an assumption turned out to be unsatisfactory for RT Lac because the magnitude at the center of the so-defined primary minimum showed large time variations, with the system sometimes being brighter than at the secondary minimum, and the color index was bluer than that of the secondary minimum, in clear disagreement with the observations of other close active binaries. The recent studies by Popper (1991 Popper ( ) andİbanoǧlu et al. (2001 clarified the cause of this unusual behaviour and pointed out that the choice of the primary minimum was not appropriate. They found that RT Lac is peculiar because its primary is so heavily spotted that the deeper minimum in most light curves turned out to be that with the primary in front, despite its earlier spectral type. A consequence of the spot activity is also that the magnitude at the center of the primary minimum changes remarkably in time because of the large variation of the spotted area on the primary star. Conversely, the magnitude at the center of the secondary minimum appears to be more stable (cf. Ibanoglu et al. 2001) . In view of such considerations, it seemed to us more appropriate to define as the primary minimum that when the more massive and hotter component is eclipsed by the less massive and cooler component, according to the normal assumption made for RS CVn and other binaries. An advantage of this choice is that the color index of the system at the primary minimum is redder than at the secondary, as in the other binaries.
In order to make easier the transition to the new definition of the epochs of primary minima, we shall list the epochs of the primary minima as given in the original literature references as well as those revised according to the present assumption by adding a half orbital period to the epochs specified by the old ephemerides. Specifically in Table 1 we give for each light curve the mid epoch of the observations, the time span of the observations (∆T ), the number of normal points (M ), the aperture of the telescope used (D T ), the photometric system (S means standard UBV), the primary minimum of the ephemeris used in the literature and the revised primary minimum adopted in the present study, the period of the ephemeris and the literature reference.
The overall variation of the system's magnitude versus time is plotted in Fig. 1 . In order to better display the long-term variations due to spot activity, only photometric points outside eclipses are plotted.
The brightest magnitude in our light curve sequence turns out to be m V = 8.642 ± 0.006 at orbital phase 0.7391 in the 1979 light curve. This value is assumed as the magnitude of the unspotted system, thus establishing the magnitude scale calibration for the subsequent light curve modelling.
Spot modelling technique
The reconstruction of the intensity distribution over the surface of a star using photometric data alone is an illposed problem. The wide-band flux modulation provides us with information only on the variation of the projected spot area versus phase, i.e., the stellar longitude. Some additional information on the latitudinal distribution can be extracted during eclipses, when the spot pattern on the component being occulted is scanned by the advancing disk of the other component. Nevertheless, the problem remains ill-posed even in the most favourable conditions. We notice that one can select a unique spot distribution by minimizing the χ 2 of the residuals between the observed and the synthetized light curve, but such an approach is unsatisfactory because the solution is unstable, i.e., small changes in the input data produce large changes in the spot map. This is due to the role played by the noise in the χ 2 minimization, which implies that most of the structures appearing in the spot map actually come from the modelling of the light fluctuations due to intrinsic variability or measurement errors.
It is possible to overcome the uniqueness and stability problems by introducing a regularizing function into the solution process. This corresponds to the a priori assumption of some specific statistical property for the spot map, which allows us to select one stable map among the potentially infinite number of maps that can fit a given light curve. The two mostly used a priori assumptions applied to the star map problem are the Maximum Entropy (hereinafter ME; Gull & Skilling 1984; Vogt et al. 1987) and the Tikhonov regularizations (hereinafter T; Piskunov et al. 1990 ). They are particularly suited when the spot map consists of an array which specifies the spot covering factor in each surface element (or pixel) of the model star. The covering factor f gives the specific intensity I of each surface element according to the definition: I = (1 − f )I u + fI s , where I u is the specific intensity of the unspotted photosphere of the surface element, I s that of the spotted photosphere, and 0 < f < 1.
A detailed description of our modelling approach, including the application of the ME and T regularizations, was presented by Lanza et al. (1998a) and we refer the reader to that paper for a detailed discussion. Here we only recall that the ME spot maps are computed by a constrained minimization of the functional:
whereas the T maps come from the constrained minimization of:
where χ 2 is the normalized sum of the squared residuals between the observed and the synthetized light curves, S k is the entropy of the spot map of the k-th star (k = 1, 2), T k is the Tikhonov functional of the spot map of the k-th star and λ ME and λ T are the Lagrange multipliers for the Maximum Entropy and the Tikhonov regularizations, respectively. The explicit expressions for χ 2 , S k and T k and the procedure of evaluation of the Lagrange multipliers are described by Lanza et al. (1998a) .
The synthetized light curve for a given distribution of the covering factor is computed using an upgraded version of the computer code introduced by Lanza et al. (1998a) . The present approach adopts Roche geometry to describe the surfaces of the components. The photosphere of each component is subdivided into squared surface elements of side s e = 1
• in order to warrant a relative precision of the order of 10 −6 −10 −5 in the numerical evaluation of the flux that emerges from the stellar disks. The flux from each surface element is computed by adopting Kurucz's (2000) atmospheric models with a linear limb darkening law and taking into account gravity darkening effects, according to Kopal (1959) . The reflection effect is treated assuming black-body re-irradiation with a given bolometric albedo and Lambert's law for the angular distribution of the reemitted radiation. It is interesting to note that the linear limb darkening law adopted for the angular dependence of the specific intensity allows us to work with a constant projection matrix in the light curve inversion problem and thus allows us to evaluate analytically the gradients of the objective functionals in Eqs. (1) and (2). This procedure significantly reduces the CPU time required to compute a solution (cf. Lanza et al. 1998a for details on the inversion problem). The systematic errors introduced by the linear limb darkening approximation have been reduced by computing its coefficients by means of the least square procedure proposed by Diaz-Cordoves et al. (1995) for Kurucz's models. Small errors in the atmospheric modelling give rise only to second-order effects in our analysis of stellar activity, because we are mainly interested in the differential variation of the spot pattern properties from season to season. Absolute properties of the spots can not be extracted from single-band data because systematic errors arise, among others, from the unknown unspotted light levels of the system components and the assumption of single-temperature spots.
Model parameters
In our spot maps we adopted squared map elements of side s = 18
• for both components. The fluxes, however, were always computed with a finer subdivision (s e = 1
• ). The masses and the radii of the components were taken from Popper (1991) and Eaton & Hall (1979) , respectively.
The Roche lobe geometry was implemented according to Kopal (1989) with the Roche potential Ω at the surface of each star being computed from the mass ratio and the star's fractionary radius in the direction joining the centers of the two components. The fractionary radii were slightly adjusted with respect to Eaton & Hall's (1979) values to improve the fits. The values of the Roche potential and the fractionary radii at the point (i.e., along the line joining the centers of the components), side, back and pole for each component are listed in Table 2 , respectively. Their accuracies are ±0.007 and are mainly determined by the light curve fluctuations near eclipse contacts.
The effective temperature of the unspotted photosphere of the hotter primary star was estimated by Popper (1991) to be ∼5100 K, using the colour difference between the two components because the spectrum of the more massive primary is not so well exposed on his plates to allow a determination of its effective temperature. Eaton & Hall (1979) estimated a difference of ∼400 K between the effective temperatures of the two stars, hence we assume an effective temperature of 4700 K for the cooler star. The spot effective temperature was assumed to be 1000 K lower than the residual unspotted photospheres. This spot temperature is an average value for the spots on RS CVn active components, that were estimated from modelling their infrared light curves. Unfortunately, infrared photometry of RT Lac is quite sparse (cf. Milone 1976) and was never analysed to derive spot temperatures (see, however, the discussion in Sect. 6).
Our assumption of a constant spot temperature should not induce significant errors into the geometry of the spot pattern, if the brightness of the spotted photosphere did not vary significantly from year to year. Solar observations support this assumption for the V -band, but brightness changes along the activity cycle might indeed occur in the infrared (Maltby 1992) .
The latest photospheric models by Kurucz (2000) were used to evaluate the ratio of the specific intensities of the spotted and unspotted photospheres at the disk center (C s ) and the linear limb-darkening coefficients in the V -band (u V ). The adopted gravity darkening coefficients are appropriate for stars with outer convective envelopes. The bolometric albedo for the late-type G9 IV secondary was assumed smaller than unity in consideration of its extended convective envelope (cf. Eaton et al. 1993) .
All model parameters we adopted to compute the light curve fits are listed in Table 2 , together with the corresponding references. In order to fit all the light curves with constant values of the stellar fractional luminosities, at the outset we redetermined the luminosity ratio in the V -band, assuming it as an additional free parameter in the fitting procedure, as described by Rodonò et al. (1995) and Lanza et al. (1998a) . By minimizing the sum of the χ 2 's of the best covered light curves in the sequence, with λ ME = 0.5 fixed, we derived the following best value for the luminosity ratio in the V -band:
where "hot" refers to the more massive primary and "cool" to the secondary component. The quoted uncertainty is an estimate of the range containing the true value of the luminosity ratio with 99% confidence level, when systematic errors are neglected (cf. Lampton et al. 1976; Rodonò et al. 2001) . The above luminosity ratio led to the fractional V -band luminosities reported in Table 2 .
Results

Light curve fitting and spot maps
The light curve fits we obtained with the model parameters listed in Table 2 and the ME criterion are shown in Table 1 ). Note that the right panel scale is about four times more expanded than the left panel scale.
respectively. The corresponding values of the Lagrange multipliers and the χ 2 's are listed in Table 3 . The χ 2 's were computed according to Eq. (3) in Lanza et al. (1998a) , assuming a standard deviation σ j = 3 × 10 −2 F 0 for all the measurements, where F 0 is the unspotted flux of the system at quadrature. The mean standard errors of the observations turn out to be between 0.015 and 0.04 mag. Only the 1977 and 1979 light curves have a χ 2 significantly greater than unity due to the large scatter of the outside-of-eclipse data. In all cases, the fits are satisfactory and some small systematic deviations, especially during primary minima, can be accounted for by intrinsic light fluctuations of the system (see Sect. 2).
The derived distributions of the covering factor on the components are displayed using IDL and plotted on Mercator maps. Specifically, the original maps, with 18
• squared pixels, were smoothed for presentation purposes to maps with a pixel side 5 times smaller, using a bilinear interpolation (function REBIN of IDL) and then displayed as images (Figs. 6, 7, 8 and 9) . On the maps of the more massive primary the longitude is measured from the substellar point in the direction opposite to the orbital motion, whereas on the secondary it is measured from the antipodes of the substellar point, again in the direction opposite to the orbital motion. Thus on all the maps the phase at which a given spot element crosses the central meridian of the stellar disk is equal to its longitude. We explicitly note that the phase is always reckoned with the revised ephemerides whose primary minima epochs are listed in Table 1 . The ME solutions show that polar spots are not required to fit the wide-band light curves, even during eclipses when the spatial-phase resolution is increased due to the occultation of one component by the other.
Several small structures are present on the hemispheres occulted during eclipses, but they are the result of image artifacts due to the ME regularization, the so-called super-resolution effect (Narayan & Nityananda 1986 ). The actual resolution, deduced from the analysis of several simulated light curves with a pseudo-Gaussian noise of σ = 0.02 mag and M = 40 normal points, is ∼20
• −30
• on the strips occulted during eclipses and ∼40
• −60
• outside of them. Light curves with the same σ and a larger M have a somewhat higher resolution, but structures smaller than 30
• −40
• should in any case be regarded with caution because they are likely to be artifacts, even within the eclipsed strips.
An alternative description of the spot pattern is provided by the maps regularized with the T criterion. Those maps are the smoothest that fit the light curves. They show that several details in the ME maps are not necessarily required by the data.
The T maps of the more massive primary are quite similar to the ME maps, both showing two large spot concentrations around longitudes 0
• and 180
• , respectively. The activity maximum seems to switch from one longitude to the other, although since 1996 both appear to have been simultaneously active. The active longitude around 0
• , i.e., near the substellar point on the hemisphere facing the companion star, has an extension of ∼120
• −150
• and is markedly inhomogeneous on the ME maps. The T maps confirm the presence of substructures down to the resolution limit of the eclipse mapping technique (∼30
• −40 • ), although with a lower degree of contrast. The active Table 1 ). Note that the right panel scale is about four times more expanded than the left panel scale.
longitude centered at 180
• is more compact and homogeneous with a longitudinal extension of ∼60
• −80
• . It is important to note that this active longitude is never occulted during eclipses, hence it is mapped with a lower resolution than the active longitude around 0
• which is occulted at primary eclipse.
A drawback of the T regularization would be the presence of a high latitude spot pattern, which is not actually needed to fit our data, as shown by the ME fits. Photometric data give very poor constraints on the high latitude features which are dominated by the regularization. This produces an extension of some features towards the poles and a uniformly grey area at high latitudes, smoothing out the variation of the covering factor over the star surface and increasing the total spotted area with respect to the ME maps.
The ME maps of the G9 IV secondary usually show three active longitudes, the one around longitude 180
• is the more contrasted and persistent. On the T maps, such an active longitude is also well detected, whereas the other two are much less contrasted and difficult to identify. The active longitude around 180
• is on the hemisphere facing the primary star and occulted at primary eclipse, thus it is mapped better than the other surface features. It is quite compact with a longitudinal extension of ∼60
• on the T maps.
The distributions of the spotted area vs. longitude are shown in Figs. 10 and 11 for the more massive primary component and in Figs. 12 and 13 for the G9 IV secondary component, respectively. The plotted distributions are those derived from the actual spot covering factor, binned into 18
• longitude intervals, without any smoothing with the IDL REBIN function. The ME distributions give the lowest area per longitude bin actually required by the data and the assumed system parameters and unspotted magnitude. The relative uncertainties are within the dimensions of the plotting symbols (cf. Lanza et al. 1998a for more details on the accuracy of the derived spot areas).
The maps obtained with the T regularization usually show a significantly larger spotted area per longitude bin than those obtained with the ME criterion, due to the presence of the high latitude "grey caps".
Each distribution of spotted area vs. longitude can be represented as the sum of a uniform term a U , which is defined as the minimum spotted area at all longitudes, and a term a D (l) which varies vs. longitude l. The latter term often shows more than one relative maximum and minimum, thus suggesting the presence of several preferential longitudes. The total spotted area on the more massive primary varies from 7% to 29% in the ME models and from 12% to 49% in the T models. The ME models tend to minimize the total spot area whereas the T models inevitably increases it by smoothing the surface variation of intensity; however, the time variations of the area obtained with the two different regularization criteria are very similar and the general variability trend can be regarded with confidence.
Overall evolution of the spot pattern
The data indicate a long-term change of the spot area suggesting a possible long-term cycle with a period of approximately 35 yr. Maxima were observed in 1965 and 2000, while a minimum was reached around 1985. A Fourier analysis based on the Scargle periodogram (Scargle 1982; Horne & Baliunas 1986 ) was applied to search for shorter term periodicity. After filtering the long-term trend, we found a period of 8.7 yr in the ME area variation with a confidence level of 98% and a period of 8.3 yr in the T area variation with a confidence level of 81%. About three cycles of such a short-term modulation appear in our data, particularly in the variation of the unevenly distributed spotted area component (cf. Fig. 14c ), supporting the existence of an activity cycle with a period of 8−10 yr.
The total spotted area on the G9 IV secondary showed a phase of sizeable variations in the 1977-1979 period, followed by an overall slow increase between 1981 and 2000. The coverage factor ranged from ∼8% to ∼20%, both for the ME and the T models, although for most of the time the spot coverage fraction was between 15% and 20% of the stellar surface. The Scargle periodogram did not show any significant periodicity in the spot area variation of the G9 IV star.
Our long-term sequence of data allows us to investigate the change of the longitudinal distribution of the [l, l + dl] . We evaluated the integrals using the trapezium rule, computing L c separately for the ME and T maps, and then averaging the two values.
On the primary component, we find evidence for a sudden change of the centroid longitude near the minima of the spot area in 1978 and 1987, whereas in the 1978-1987 period the longitude of the centroid migrated steadily at an average rate of ∼0.015
• /d in the direction opposite to the orbital motion. The sparse data during the 1965-1978 period might support the hypothesis of a regular migration of the centroid during that period. The large area fluctuations and the contemporary more random motion of the centroid during the 1989-2000 period, do not allow us to establish any clear correlation between them. In the entire 1965-2000 period, the migration rate varied from ∼0.13
• /d in the direction of stellar rotation to ∼0.10 • /d in the opposite direction. The amplitude of such a variation can be used to estimate the relative amplitude of the stellar differential rotation, giving: ∆Ω/Ω ∼ 3.2×10 −3 , which is about ten times smaller then the latitudinal differential rotation of the Sun in the sunspot belt (cf. Catalano 1983; LaBonte 1984) and quite consistent with the typical differential rotation rates that are obtained on other spotted stars (Hall 1991) . It is important to note that the interpretation of the change of the migration rate of the centroid in terms of surface differential rotation is by no means unique. The same effect can be produced by a rearrangement of the spot pattern on a rigidly rotating star. Actually, an analysis of the 1978-1979 and 1987-1988 spot maps of the primary component shows that sizeable changes of the spot pattern took place and suggest that they may also contribute to the variation of the longitude of the centroid of the spot pattern.
The secondary star may also show cycles of migration of the centroid of its spot pattern with a period of approximately 10 yr, but the unevenly distributed spotted area stayed almost constant during those changes. The migration rate varied from ∼0.11
• /d in the direction of stellar rotation to ∼0.09
• /d in the opposite direction, which may imply a relative amplitude of the differential rotation of ∆Ω/Ω ∼ 2.7 × 10 −3 .
Orbital period variation
The variation of the orbital period of RT Lac was recently investigated by Keskin et al. (1994) and Ibanoglu et al. (2001) , who presented also the latest O-C diagram of the system (cf. their better defined, although a significant scatter is also present in the photoelectrically determined O-C with standard deviations of ∼0.01−0.015 d. The scatter is likely to be associated with the distortion of the eclipse ingress and egress light due to spot activity (cf. Hall & Kreiner 1980 for a discussion of such an effect) and it makes difficult to trace the orbital period change in great detail. In order to reduce the perturbation, the epochs of mid eclipse were determined using the points below the half depth of the eclipses, i.e., the nearly symmetric portion of the minima (cf. İbanoǧlu et al. 2001 for the uncertainties of the epochs of the minima).
Secondary eclipses follow the same O-C variation of the primary eclipses, ruling out apsidal motion as a possible explanation for the period change.
After removing the long-term modulation, İbanoǧlu et al. (2001) showed that the photoelectric O-C may be fitted by an approximately sinusoidal modulation with an amplitude of 0.028 d and a period of 17.8 yr. It is interesting to study the relationship of such a short-term modulation with the area and the migration of the spot pattern on the component stars, in view of the models recently proposed for the connection between magnetic activity cycles and orbital period modulation. The primary component is more likely to be responsible for the orbital period changes because it is the more active star and it shows clear evidence for an activity cycle. However, a possible role of the G9 IV secondary can not be excluded, hence we shall discuss also its spotted area variation in connection with the orbital period changes. In Fig. 18 we plot the total spotted area of the primary component, the longitude of the centroid of its spot pattern and the O-C of the secondary eclipses, as defined according to the revised ephemerides in Table 1 , on the same time scale. In Fig. 19 we present the same type of data for the G9 IV secondary. The observed times of minima were taken from Keskin et al. (1994) anḋ Ibanoǧlu et al. (2001) ; the computed times were reckoned by means of the following linear ephemeris:
where E is the number of orbits elapsed from the initial epoch of secondary minimum and the new mean orbital period was derived from the photoelectrically determined O-C only. In the present analysis we did not plot primary minima in order to reduce the scatter of the O-C data (cf. İbanoǧlu et al. 2001) . Four time intervals of approximately constant orbital period can be identified and they are marked as I, II, III and IV in Figs. 18 and 19, respectively. In Table 4 we indicated the approximate beginning and end of each interval with the corresponding value of the orbital period and the relative variation with respect to the reference period of the ephemeris in Eq. (4). The orbital period was longer than the reference period in the interval I, as indicated by the positive slope of the O-C diagram, then it decreased with a relative change of ∆P/P ∼ 1.7 × 10 −5 around HJD 2444200. A further decrease occurred around HJD 2447200, at the end of interval II. Then the orbital period increased again around HJD 2449400, at the end of interval III. It is interesting to note that the episodes of orbital period decrease are associated with relative minima of the spot coverage and possible increase of the rotation rate of the primary star. Conversely, the episode of orbital period increase at the transition between III and IV occurred during a phase of approximately constant spot coverage, that was immediately followed by a steep increase of the spot area. The longitude fluctuation of the centroid did not suggest any variation of the stellar rotation during the event.
The remarkable orbital period decrease around HJD 2444200 was accompanied by a sizeable decrease of the spotted area also on the G9 IV secondary. Its rotation rate might have accelerated as suggested by the decrease of the slope of the plot of L c vs. time. The other episodes of orbital period change could not be related with sizeable change of the spotted area on the G9 IV component, which stayed approximately constant in the 1980-2000 period, fluctuating by a few per cents around its mean value. Different interpretations of the O-C diagram are also possible. For instance, a continuous parabolic fit could be applied to the variation that occurred between HJD 2439000 and 2449400, but we prefer the present model because it has a smaller reduced χ 2 than a continuous parabolic fit.
These observational results will be discussed in the next section in the light of the models recently proposed to relate magnetic activity and the perturbations of orbital dynamics in close binaries. 
Discussion
Our fitting procedure based on a spot model with fixed stellar parameters and constant spot temperature proved to be quite suitable to successfully model all the light curves in our sequence. The eclipse distortions were adequately modelled by adjusting the distribution of the spots over the surfaces of the components, without any need of varying the component relative radii which are evaluated with an accuracy of ±0.007. This precision is mainly limited by the light fluctuations close to minima because of the activity affecting the system (cf. Rodonò et al. 2001 for more details on the accuracy of the parameters derived by our model). We found no photometric evidence for the existence of an extended envelope around the primary component and of the required mass loss from the secondary to maintain it. The apparently anomalous color indexes of the primary and the infrared and ultraviolet excess of the system is likely due to the presence of cool spots, although a detailed multiband modelling of the light curves of RT Lac has not been performed yet (cf. Hall 1989; Popper 1991) . Ibanoglu et al. (1998b) modelled the 1984 V -band light curve and the B − V color curve simultaneously, with a circular spot on the hotter component in order to account for both the light curve distortions and the apparent color anomalies at the minima. The infrared photometry by Milone (1976) provided a coarse measure of the spectrum of the system infrared excess. It is interesting to estimate the contribution of the spots to the infrared excess by using a simplified model: the emergent flux from a spotted star in a given band is a linear combination of the fluxes from the spotted and unspotted photospheres, i.e.,
where f D is the spot covering fraction of the disk at the given rotational phase and F U and F S are the flux from the unspotted and the spotted photospheres, respectively. An application to the Milone's (1976) analysis, by using the Johnson's (1966) color indexes to evaluate the surface flux ratios, shows that the infrared excesses are roughly: δJ ≈ −0.086, δK ≈ −0.15 and δL ≈ −0.20 mag when a temperature difference of 1000 K is assumed between the unspotted photosphere and the spots, and the average filling factors are f D = 0.35 and f D = 0.20 for the more massive and the less massive component, respectively. Such values of the infrared excesses compare well with the observed phasedependent components of the excesses. However, they are too small to account also for their phase-independent components (cf. Milone 1976) . Only if unrealistically large spot The open symbols refer to the areas derived from the ME models, the filled symbols to the areas derived from the T models, respectively. The areas are normalized to the photospheric area of the primary component.
filling factors were adopted (f D = 0.80 for the more massive star and f D = 0.5 for the less massive component), could the phase-independent components also be accounted for. Therefore, the possibility that these components are associated with circumstellar matter arising from mass loss or transfer processes can not be a priori excluded. Actually, Milone (1976 Milone ( , 1977 suggested that spot activity is not the only viable explanation for the photometric phenomenology shown by RT Lac and that mass loss or transfer may play a significant role. Popper (1991) discussed the available spectroscopic data of RT Lac and concluded that the observed phenomenology is likely due to magnetic activity on the photospheres of the component stars rather than to mass transfer. Also Crawford (1992) , although on the base of a limited amount of data, points in the same direction. However, the presence of circumstellar material and episodes of mass loss are well documented by the Hα observations of Huenemoerder (1985 Huenemoerder ( , 1988 and Huenemoerder & Barden (1986) . It is difficult, however, to disentangle the line profile features due to chromospheric activity from those produced by mass loss to estimate the mass transfer rate in RT Lac (see, however, Frasca et al. 2002) .
Mass loss and mass transfer have certainly played a fundamental role in the evolution of the system, as indicated by the study of Barrado et al. (1994) , who found it impossible to fit the position of the two components on the H-R diagram with the same isochrone computed with Fig. 15. a) The total spotted area A, b) the area of the uniform, evenly distributed spot component AU, and c) that of the discrete, longitudinally dependent spot component AD, vs. time for the G9 IV secondary. The open symbols refer to the areas derived from the ME models, the filled symbols to the areas derived from the T models, respectively. The areas are normalized to the photospheric area of the G9 IV component. Fig. 16. a) The longitude of the centroid of the spot area distribution Lc and b) the area of the discrete, longitudinally dependent spot component AD vs. time for the more massive primary.
fixed stellar mass. Actually, the more evolved component of RT Lac is also the less massive star and the mass ratio is far from unity, indicating that the secondary has certainly experienced an intense mass loss or mass transfer toward the primary. Such processes may be related to a magnetized stellar wind, the intensity of which is expected to increase strongly when the star's surface closely approaches the Roche lobe (Tout & Hall 1991) .
Observational estimates of mass transfer rates in Algol binaries should be applicable also to RT Lac during its most intense episodes of mass transfer. Richards & Albright (1999) gives 10 −11 <Ṁ < 10 −7 M /yr. We can estimate the accretion luminosity L acc due to the matter transferred from the lobe-filling secondary to the primary under the action of gravity as:
where M 1 and R 1 are the mass and the radius of the accreting primary andṀ is the accretion rate. IfṀ = 10
, where L V is the luminosity of the system in the V -band, assuming the Hipparcos distance of 193 pc. Hydromagnetic effects are unlikely to change the order of magnitude of the estimates based on Eq. (5) (cf. Bolton 1989; Richards 1992) . Therefore, the effect of mass transfer should be negligible in comparison with the variations due to the spot activity in wide-band photometry, except when the highest mass loss rate of Algols is approached.
The luminosity ratio in the V passband was determined through an optimization procedure using the light curves with the most complete phase coverage, as already done for RS CVn and AR Lac in previous papers (cf. Rodonò et al. 1995; Lanza et al. 1998a ). The value we found, L 1 /L 2 = 0.65 ± 0.05, compares well with the estimate by Milone (1977) , who found L 1 /L 2 = 0.70. He used the Russell model to determine the binary system parameters after removing as well as possible the effect of the distortion wave by a simple rectification procedure.
It is important to note that our approach is to fit all the light curves in our sequence using the same unspotted luminosity ratio, i.e., that corresponding to the components without spots on their photospheres. Other authors have chosen to include the luminosity ratio among the model parameters, allowing it to change from one light curve solution to another (e.g., Kang & Wilson 1989) . We prefer a constant value because it is unlikely that the effective temperatures of the unspotted photospheres change on timescales of a few decades (Spruit 1982; Spruit & Weiss 1986) . It should be noted that the value of the unspotted luminosity ratio we determine in the present analysis depends on the value adopted for the unspotted magnitude of the system, that in our case is the magnitude at the maximum brightness ever observed. Its dependence on other photometric parameters is much smaller and it was not investigated in the present study because we do intend to focus on the analysis of the magnetic activity. More information can be found in Rodonò et al. (2001) , where a method for the simultaneous determination of the luminosity ratio and other photometric parameters (relative radii, orbital inclination, etc.) is presented.
The information content of the light curves is adequate to characterize the main features of the spot activity on both components of RT Lac. We applied simultaneously two different regularization techniques in order to point out which features are actually needed by the data and which are artifacts of the regularization itself. As already noted by Lanza et al. (1998a) , the application of ME and T techniques to photometric data produces results that require a more careful interpretation than in the case of the Doppler Imaging maps, which are based on high-resolution spectroscopic data with an intrinsically greater information content. Even in the case of light curves with an ideal phase coverage and infinite signal-to-noise ratio, the regularization techniques introduce artifacts. In the case of the ME regularization they mainly consist of the so-called super-resolution, i.e., the presence of compact and highly contrasted features on the maps which can not be actually resolved by means of photometric techniques. On the contrary, the T regularization tends to produce uniformly spotted grey areas in those regions that do not contribute significantly to the light curve modulation, such as the polar regions in an eclipsing system, that are strongly subject to foreshortening. A detailed description of the causes of such artifacts can be found in Lanza et al. (1998a) . From these arguments, it is not possible to specify an ideal regularizing criterion for wide-band light curve analysis. In our opinion, the best approach is to regard regularized maps as an intermediate stage of the analysis and use them only to derive quantities which do not depend on the regularizing criterion itself, e. g., the spot longitudes, their changes in time and the variations of the total spotted area. Absolute values of the spotted areas are not reliable since they depend on the unspotted magnitude and the regularizing criterion adopted, but their time variations show a very small dependence on both of them.
The spot activity on the more massive primary is localized in two main active regions around longitudes 0
• , respectively. There may be some tendency for activity to switch alternatively from one active longitude to the other from time to time, but the phenomenon is not as clearly apparent as in, e.g., II Peg (Rodonò et al. 2000) or other RS CVn binaries (Berdyugina & Tuominen 1998) . The active region around the substellar point on the primary sometimes shows the presence of a compact spot with a diameter of ∼40
• , comparable with the resolution limit of the eclipse mapping technique. It appears in the maps of some of the best covered light curves (e.g., 1985, 1999) and suggests that even smaller, probably solar-size spots, may be present on the photosphere of the primary star.
The G9 IV secondary shows spot activity more uniformly distributed in longitude, although a quite compact active region around the substellar point is often present. On the T maps it is the most prominent feature together with another active longitude located on the opposite hemisphere, which is broader and less contrasted.
The presence of active longitudes is a common phenomenon on RS CVn binaries (e.g., Henry et al. 1995; Oláh et al. 1997; Rodonò et al. 2000) . The concentration of activity around the substellar points on both components is well documented also by the cases of AR Lac and SZ Psc (Lanza et al. 1998a; Lanza et al. 2001) . Mean field dynamo models predict the possible existence of active longitudes related to non-axisymmetric modes when the amplitude of the stellar differential rotation does not exceed about half the solar value. Only non-axisymmetric field geometries with an azimuthal wavenumber m = 1 have been found to be stable, but such a result may possibly be due to the many simplifying assumptions of present mean field models (Rädler et al. 1990; Moss et al. 1991; Rüdiger & Elstner 1994; Moss et al. 1995) . Moreover, it is possible that the binary nature of the RS CVn's has an influence on the activity of the single components (Schrijver & Zwaan 1991) . The mean field models by Moss & Tuominen (1997) show that the magnetic field tends to concentrate along the line connecting the two components in close binaries, in general agreement with our findings for AR Lac, SZ Psc and RT Lac. Moreover, the presence of preferential longitudes may be related to perturbations of the magnetic fields stored at the base of the convective envelopes, due to tidal forces, which eventually trigger the emergence of magnetic flux tubes (cf., e.g., Holzwarth & Schüssler 2000) .
The spot patterns on the components of AR Lac and SZ Psc do not show a regular migration in time, whereas we have evidence for an oscillation of the longitude of the spot pattern centroid in the components of RT Lac. The rates of migration have been used to derive information on stellar differential rotation. The method provides us only with a lower limit for the amplitude of the differential rotation. Photometric data do not allow us to establish whether we are measuring the amplitude of the latitudinal differential rotation or a possible time variation of the mean rotation rate of the photosphere, as required by some models of the orbital period change (see below). As a matter of fact, a change of the longitude of the centroid and of its rotation rate may also be produced by a rearrangement of the spot pattern without any variation of the rotation rate of the photosphere. Therefore, our estimates of the differential rotation rate and of its possible time variations can not be regarded as conclusive.
Moreover, the measurement of differential rotation can be a difficult task when permanent active longitudes are present, as showed by, e.g., Eaton et al. (1996) . Measuring the period of the rotational modulation is a more suitable tool to study stellar differential rotation, even in the case of complex active longitude behaviour, as shown by, e.g., Rodonò et al. (2000) . Their approach works well for noneclipsing systems, but in our case the light modulation due to eclipses dominates, making it difficult to extract the rotational modulation of the individual stars (cf. Lanza et al. 1994) .
Polar spots are not required by our solutions, but this leaves unanswered the question of their existence, claimed by several authors (see, however, Hatzes et al. 1996 and Hatzes 1998 for a critical discussion of the related spectroscopic evidence). The presence of large low-latitude spots, as deduced by our eclipse mapping, is a significant constraint for dynamo models. It suggests the existence of MGauss toroidal fields in the overshoot region below the convective envelope of the secondary component (Schüssler & Solanki 1992; Schüssler et al. 1996; Granzer et al. 2000) . Toroidal flux tubes with field strengths exceeding (2−4) × 10 6 G should have unstable modes with azimuthal order m = 1 or m = 2, whose subsequent nonlinear evolution can be quite complex (Caligari et al. 1995; Schüssler et al. 1996) . Alternatively, a distributed dynamo operating in the bulk of the convective envelope might be invoked to explain low-latitude activity.
In this scenario, the flux tubes might emerge near the equator in spite of the large Coriolis force because they are produced in layers not too far from the surface.
The time evolution of the spotted area on the primary component shows a short-term cycle with a period of about 8-9 yr and a longer term change with a period of approximately 35 yr. A short-term cycle with a period of ∼10 yr was already suggested by Ibanoglu et al. (2001) who analysed the variation of the magnitude at the center of the secondary eclipse, when the primary is in view. The observations of other RS CVn binaries show that the periods of the activity cycles are typically between one and two decades, so that a cycle of 8−10 yr in the primary component of RT Lac compares well with the general behaviour of that class (Henry et al. 1995; Rodonò et al. 1995; Lanza et al. 1998a; Saar & Brandenburg 1999; Oláh et al. 2000) . It is interesting to note that the rearrangements of the spot pattern with possible accelerations of the spot rotation rate on the primary star in 1978 and 1987 were associated with minima of the total spotted area, i.e., the beginning of a new activity cycle. Such a behaviour is indeed reminiscent of the solar cycle phenomenology and it has been reported also in other stars (cf. Messina et al. 1999; Rodonò et al. 2000) . However, given the lack of information on starspot latitudes, it is difficult to explore in more detail the connection.
We can use the decrease of the total spotted area observed between 1977 and 1978 to estimate the turbulent magnetic diffusivity η t in the convective envelope of the primary star, as done by, e.g., Lanza et al. (1998a) for the secondary of AR Lac, in the hypothesis that the variation is due only to the decay of the magnetic field. Adopting a radius of 4.4 R and estimating η t ≈ ∆A/∆t, where ∆A is the decrease of the spot area in the time interval ∆t, we find: η t ∼ 4 × 10 11 m 2 s −1 . For the G9 IV secondary having R = 4.8 R , we find: η t ∼ 6 × 10 11 m 2 s −1 . They are comparable to the value estimated for the K2 IV secondary of RS CVn (Rodonò et al. 1995) . Such values are more than 100 times larger than in the Sun, but they are not unreliable since on a G subgiant we expect that the mixing length and the velocity of the turbulent convection may be significantly larger than in the Sun (Schwarzschild 1975 ). An estimate based on the convective envelope models by Rucinski & Vandenberg (1986) provides values of η t within an order of magnitude of the observationally estimated values.
The orbital period change of RT Lac was investigated by Keskin et al. (1994) and Ibanoglu et al. (2001) who found little support for a light-time effect interpretation, that assume the orbital motion of the system around a third body. The third body should have a minimum mass of ∼1.25 M and thus its effects on the light curves and the spectra of the system would be easily detectable. Moreover, the claimed variation of the radial velocity of the barycenter of the couple, if real, is not in agreement with the derived orbital period of about one century for the orbit of the third body.
The possibility that the orbital period change is due to mass transfer is ruled out by the alternate sign of the modulation. Indeed, conservative mass transfer from the less massive lobe-filling secondary toward the primary should steadily increase the orbital period, contrary to the observations. Moreover, the mass transfer rate should amount to a few 10 −5 M /yr, which appears to be too large in comparison with the 10 −11 −10 −7 M /yr value that is typical of Algol binaries (cf., e.g., Richards & Albright 1999) , and spectroscopic evidence of such a huge mass transfer rate is solely lacking (cf. also Frasca et al. 2002) .
Therefore, the only mechanism that seems capable of explaining both the short-and the long-term modulation of the orbital period of RT Lac is that proposed by Applegate (1992) and recently revisited by Lanza et al. (1998b) and Lanza & Rodonò (1999) . It connects the changes of the orbital period with the variation of the gravitational quadrupole moment of the active star, produced by a powerful hydromagnetic dynamo. Applegate (1992) assumed that the angular momentum of the outer layers of the convection zone of the star varies cyclically because of the angular momentum exchanges produced by magnetic stresses along the activity cycle. Lanza et al. (1998b) and Lanza & Rodonò (1999) pointed out the possible role of the Lorentz force in the variation of the figure of equilibrium of the star, which helps to reduce the amplitude of the angular velocity and kinetic energy variations required by the mechanism. Their approach is general and independent of the specific dynamo model applied to the star, because it makes use of Chandrasekhar's virial theorem to estimate the kinetic and magnetic energy changes associated with the observed period variation. Assuming that the sum of the kinetic energy of rotation and of magnetic energy stays constant during an activity cycle, Lanza & Rodonò's (1999) model predicts that the orbital period should be at a minimum when the kinetic energy of rotation is maximum and the magnetic energy is minimum. The results of Sect. 5.3 supports this prediction because the two episodes of orbital period decrease occurred during minima of activity and were accompanied by a migration of the centroid of the spot pattern in the direction of stellar rotation on the primary component that may indicate an acceleration of the rotation rate of its outer convection zone. In the 1978 orbital period decrease, also the secondary star might have played a role because it also showed a marked decrease of spot area and a migration of the centroid of the spot pattern in the direction of stellar rotation. Conversely, the increase of the orbital period in 1993 was associated with an increase of the magnetic energy, as witnessed by the increase of the spotted area on the primary component. The timescales for the orbital period variations derived from the O-C plots in Figs. 18 and 19 are of a few years and put strong constraints on the theoretical models of the process. More precisely, such rapid orbital period changes suggest that the main responsible for the variation of the stellar quadrupole moment should be the Lorentz force, because a variation of the angular momentum distribution on such short timescales would imply extremely large magnetic torques in the convective envelope of the active component. Therefore, the present observations would give more support to the models proposed by Lanza et al. (1998b) and Lanza & Rodonò (1999) than to the original mechanism proposed by Applegate (1992) .
It is also of interest to compare the RT Lac's behaviour with those of the prototype RS CVn and SZ Psc. The observations of RS CVn supports the association between an orbital period decrease and an increase of the migration rate of the spots at a minimum of the activity cycle. The observations of SZ Psc indicate that an orbital period increase is associated with an increase of the spotted area, i.e., of the magnetic energy. Therefore, we conclude that the qualitative prediction of the model by Lanza & Rodonò (1999) is supported by the observations of these three active close binaries.
The observed amplitude of the orbital period variation can be used to estimate the variation of the kinetic energy of rotation and of the magnetic energy during the change, neglecting the consequences of the short timescales required by the observations for the angular momentum exchanges.
The episode of orbital period decrease that occurred in 1978 implied an increase of the kinetic energy of rotation of ∼6.5 × 10 36 J for the primary and of ∼8.0 × 10 35 J for the secondary star, assuming that both played comparable roles in the variation. The corresponding relative increases of the rotation rate are ∆Ω/Ω ∼ 8.0 × 10 −3 for the primary and ∆Ω/Ω ∼ 2.2 × 10 −3 for the secondary star. The observed relative change of the migration rate of the spots is significantly lower for the primary and comparable with the predicted value for the secondary. However, active region evolution and the presence of active longitudes may affect the measured migration rate, altering the amplitude of their change.
An episode of orbital period increase occurred in 1993 and implied an increase of the magnetic energy of the active primary of ∼1.1 × 10 37 J, which may be associated with a mean field of ∼1.5 × 10 5 G in the convection zone of the star. Such a high field is indeed strongly unstable to magnetic buoyancy, unless is it organized in the form of vertical flux tubes (cf. Lanza & Rodonò 1999) . Unstable fields that buoyantly rise through the convective envelope and experience the effects of the Coriolis force, may produce a new kind of α-effect that makes the stellar dynamo capable of working even when the conventional α-effect is severely quenched (Brandenburg & Saar 2000) . Such a magnetically driven α-effect might account for the strong fields that are required to produce the variation of the quadrupole moment and the low-latitude spot activity in the secondaries of RS CVn binaries.
An interesting result of our analysis is that the activity cycle of the primary star has a period of ∼9 yr, i.e., half that of the short-term orbital period change found by Ibanoglu et al. (2001) . Rodonò et al. (1995) and Lanza et al. (1998a) found a similar phenomenon also in RS CVn and AR Lac, respectively. Lanza et al. (1998b) proposed that such a behaviour may be associated with a torsional oscillation excited by the non-linear stellar dynamo. However, the predicted phase relation between the oscillation of the orbital period, the rotation rate and the spot area does not seem to be observed in RT Lac. The time span of the data is indeed too short to draw a definite conclusion on this point, also because the fluctuations of the spot area and the presence of active longitudes may hide or alter the phase relationship among the variations. Thus, the possibility that torsional oscillations are responsible for the short-term modulation of the activity level in close active binaries, although quite plausible, remains to be demonstrated.
Conclusions
Our analysis of an extended sequence of light curves of RT Lac has led to several remarkable results. Our modelling approach based on Roche geometry and Kurucz's atmospheric models proved to be capable of fitting all of the light curves and, by using the ME and T regularizing criteria, has provided us with maps of the spot covering factor. Moreover, taking into account the photometric effect of the spots, a consistent value of the V -band luminosity ratio between the two components was determined.
During the 1965-2000 interval, we do not find evidence for a variation of the relative radii of the components larger than ±0.007, nor for a change of their shape, that can affect the ellipticity coefficients introduced in old light curve rectifications. Thus the variation claimed by Eaton & Hall (1979) on the basis of the analysis of old visual and photographic light curves is clearly liable to serious questionings.
The light curve analysis has given us information on the spot pattern showing, in particular, spots at low and intermediate latitudes and persistent active regions around the substellar points on both components. Our eclipse mapping shows the presence of rather compact spots on the occulted hemisphere of the primary star, with a diameter of ∼40
• or possibly smaller. The orbital period modulation appears to be correlated with spot activity on the component stars, in particular on the more massive primary. A detailed comparison between the spot area, the migration rate of the spot pattern and the orbital period change was possible for the 1965-2000 period. Our results give support to the model proposed by Lanza & Rodonò (1999) for the interpretation of the orbital period modulation in active close binaries.
